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Fluctuations in lobster abundance may occur as a consequence of the combination of 34 environmental and fishery-related processes. This study attempts to account for sources of 35 variation and highlight the most influential factors that might allow fishery managers to 36 acquire the best tools for achieving a sustainable fishery. The mechanisms involved in any 37 fishery have implications for the whole population under exploitation. For example, the 38 success of trap-based fisheries, like the homarid lobster fisheries, strongly depends on the 39 behaviour of the target species, trap efficiency and oceanographic conditions of the region 40 (Miller, 1990; Addison, 1995; Fogarty and Addison, 1997; Tremblay and Smith, 2001;  Other results have found that temperature changes are due to alongshore winds forcing 48 upwelling or downwelling (Drinkwater et al., 2006) . 49 On the other hand, wind speed and direction is important for the transport of larvae directly 50 affecting recruitment processes in pelagic (Borges et al, 2003) and benthic (Wegner et al, 51 2003) fish in eastern Atlantic waters. Investigation on the importance of wind on 52 fluctuations of crustacean populations is desired. 53 Comparative studies of wind and catch rates of the European lobster, Homarus gammarus, 54 in Scottish waters are lacking. However, for Scottish lobster fisheries, authors (Shelton et 55 al., 1978) have demonstrated differences between spring and autumn in the Southeast of 56 Scotland, related to moulting and recruitment, but the effects of this process on fisheries 57 may differ between areas at different geographic scales. Differences in lobster size at 58 maturity and fecundity (Lizárraga-Cubedo et al., 2003) and population size structure 59 (Kinnear, 1988; Mill et al, 2009 ) have been identified between the Hebrides and Southeast, 60 and it is suggested such discrepancies may occur as a response to the local conditions and 61 fishing strategies. From this information some questions can be addressed; are wind and sea 62 temperature the most important environmental factors affecting the fluctuations of lobster 63 abundance, if so how do they contribute to the total variation in catch rates, and are there 64 any temporal and spatial differences? The environmental influences on the fishery will be 65 investigated by addressing these questions. 66 It is acknowledged that catches alone may not necessarily reflect lobster abundance at the 67 intermediate and small spatial scales (Koeller, 1999; Watson and Jury, 2013) . Therefore, 68 the relative abundance index (CPUE) may not be truly representative of the abundance of 69 the population under exploitation (Addison, 1995; 1997; Fogarty and Addison, 1997; Jury 70 et al, 2001) suggesting that more work on this field should be undertaken. This leads us to 71 inspect how all the fishery components respond to environmental conditions and also what 72 elements of the fishery are more relevant for stock assessment purposes. 73 In a fishery context, knowledge of the pre-recruit and recruit components is of great 74 importance. These components are seldom compared with environmental conditions, hence 75 it would be important to assess: 1) how the pre-recruit (undersized lobsters) and post-recruit 76 (legal size lobsters) components relate to fishing effort and environmental elements at 77 different temporal and spatial scales; and 2) how do these components relate to catch rates. 78 Individual series of fishery and environmental data may not necessarily present significant 79 correlation owing to time lags, which may discourage further statistical analysis. However, 80 a more careful analysis of long time series or short time series at different spatial scales 81 may reveal the underlying relationships. 82 In this paper, we explore the relationships between the elements involved in the European 83 lobster fishery (fishing effort, catch, and catch rates of undersized and legal size lobsters) 84 and environmental data for two Scottish stocks, the Hebrides and Southeast, between 1983-85 1997. We also analyse the relationships between variables at smaller (data from individual 86 vessel) and larger (overall sampled fleet) spatial scales ( Table 1 ). The auto-correlation 87 function (ACF) and cross-correlation function (CCF) are used to analyse individual data 88 series and to explore relationships between two pairs of variables, respectively. In addition, 89 two dimension reduction techniques, principal components analysis (PCA) and redundancy 90 analysis (RDA), are applied to investigate the data in a multivariate context. As well as 91 analyses on an annual basis, the data were partitioned into two seasonal (spring and 92 autumn) components to investigate changes of the variables studied on three different 93 temporal bases. The Hebrides lobster fishery extends over an area of 26,500 km² (56.5-59°N and 6-9°W), In the Hebrides, the duration (length) of the fishing season is dictated by the local weather 140 conditions. Normally, the fishery starts from April or May, and ends in October-November.
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Materials and Methods
In the Southeast, the weather conditions are more favourable for fishing for the whole year.
142
This fishery can be divided into two components, the spring or pre-moult season and the 143 summer or post-moult season. From March-May the sea temperature starts increasing and 144 lobsters feed actively, and this is reflected in increasing catch rates. Fishing declines and 145 lobster activity decreases from June-July (Shelton et al., 1978) . In the summer October) recruits join the fishable stock after moulting and catch rates increase to their 147 highest levels (Thomas, 1958 , Shelton et al., 1978 Schmalenbach and Buchholdz 2013 (Blackith and Reyment, 1971; Kshirsagar, 1972; Gauch, 1982; ter Braak, 1987 for the period of 1960-97. In contrast, sea level pressure was higher for the Southeast (Fig.   191 2).
192
The results of the ACF analyses are given in the appendix (Tables i and ii) . ACF analysis 193 showed that the mean annual data of SST, AT and WS showed significant auto-correlation (Table iii) . 218 Annual series of all environmental variables were highly correlated to the catch rates of all 219 lobsters only at large spatial scale.
220
In the Southeast, catch rates and total landings were significantly correlated with the 221 environmental variables at all spatial scales in spring and autumn, whilst annually, the 222 relationships were significant at small spatial scale (Table iv) The correlation between fishery variables was highly significant for the Hebrides data effort, pre-recruits and recruits at each spatial scale. Sea level pressure was highly 254 correlated with the fishery data at large spatial scale, whereas wind speed was found to be 255 correlated to fishery data at small spatial scale. (Fig. 4a) .
256
In the autumn, wind speed was the environmental variable with the highest, and positive, 257 correlation with fishery data, although the relationship between fishing effort, legal and 258 undersized lobsters varied at small and large spatial scale (Fig. 4b ).
259
The analysis of the annual data series showed that for this fishery both, air and sea surface 260 temperature strongly correlate with the data series of catches of recruits and pre-recruits, at 261 small and large spatial scale (Fig. 5b) . series than the spring (63.55%). In the Southeast, less variability was explained, and while 267 the greatest proportion was also explained in the autumn (62.14%), the proportion 268 explained for the spring series (57.47%) was greater than for the annual data 269 (52.42%)( Table 2) . From the redundancy analysis, in the Hebrides, the explanatory (Table v) . The analysis of the spring fishery indicated sea surface temperature as a 295 highly relevant variable with significant correlation with the catch rates over the whole 296 area. High catch rates were inversely correlated to high fishing effort and high catches.
297
In autumn, although there were weaker relationships between the environmental conditions 298 and catch rates, wind speed was significant. Catch rates were highly correlated at small and 299 large spatial scales (f, L and S ) , as depicted by the arrows of the triplots (Fig. 4b) . fished over a reduced area but there were marked differences between data series (Table v) . 307 In spring, all the environmental variables tested were correlated with the fishery data at 308 both spatial scales (Fig. 4a) . However, pre-recruits were found to be more correlated to 309 environmental variables than legal lobsters as this was shown in the triplots with longer and 310 positively correlated closer arrows (Fig. 4a) .
311
In contrast, in autumn wind speed was highly correlated to the fishery data at both spatial 312 scales but this was only revealed by the RDA analysis (Fig. 4b) . For the autumn fishery the 313 triplots showed undersized lobsters to be more correlated to environmental variables at the 314 small spatial scale than legal lobsters. 315 The analysis of the annual data series showed that for this fishery both, air and sea surface 316 temperature, are the prevailing conditions that strongly correlate with the data series of 317 catches of recruits and pre-recruits, at small and large spatial scale (Fig. 5a-b ).
318
As a comparison, and derived from the RDA analysis, less variability could be explained by 319 the interaction between the environmental and fisheries variables for the Southeast, with the 320 greatest variation being explained in the autumn but environmental variables explained 321 greater variance of the relationships in spring (84.81%).
The RDA analysis, with the four explanatory variables studied, best described the processes 323 that contribute with most of the variation in the fisheries of both areas.
324
Although there was a lack of correlation between sea level pressure and wind speed there is 325 close relation between them product of a wind formation on gradients of sea level pressure 326 (Parker, 1989) . Stronger winds were observed in the Hebrides in spring and autumn whilst 327 sea level pressure was higher for the Southeast, suggesting weather conditions vary 328 between areas.
329
In the Hebrides the influence of more regional scale events of temperature in spring, 330 including the incursion of air masses to the area seems to affect directly the lobster fishery. The PCA analysis gave account of the cumulative percentage of variation obtained from the 447 fishery variables in two main dimensions. This variation differed between areas, data series, 448 and axes where the leading eigenvalue contributed most ( Table 2 ). The cumulative 449 percentage of variance of fishery data proved to be higher for the Hebrides on an annual 450 and autumn basis and for the Southeast on a spring and autumn basis (Table 2) . However, 451 with the RDA analysis, the variance of the fishery data was generally lower than in the 452 PCA. In the Hebrides the highest variance was obtained on annual basis and lowest in 453 spring. For the Southeast, spring variance was highest and autumn lowest (Table 3) . 454 Redundancy analysis showed that the variables used represented a reasonable amount of The results also suggested that fishery processes are markedly different between geographic 471 areas and at different spatial scales.
472
For the Hebrides, fishery data were highly correlated to environmental variables with high 473 catch rates inversely correlated to high fishing effort and high catches in spring and 474 autumn.
475
For the Southeast fishery pre-recruits were found to be more correlated to environmental 476 variables than legal lobsters in spring and autumn emphasising at the small spatial scale. Northwest Atlantic. Oceanography, Moland, E., Olsen, E.M., Knutsen, H., Knutsen, J.A., Enersen, S.E., André, C., et al. 2011. Table 1 . Description of variables selected for this study. Environmental and fishery data series from overall sampled fleet ( sf ) and individual vessel ( iv ) for the Hebrides (1983-93) and Southeast (1985-97) 
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